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Abstract 

The use of dry gases during mechanical ventilation has been associated with the risk of serious airway complications. The 
goal of the present study was to quantify the plasma levels of TNF-alpha and IL-6 and to determine the radiological, 
hemodynamic, gasometric, and microscopic changes in lung mechanics in dogs subjected to short-term mechanical 
ventilation with and without humidification of the inhaled gas. The experiment was conducted for 24 hours in 10 dogs 
divided into two groups: Group I (n = 5), mechanical ventilation with dry oxygen dispensation, and Group II (n = 5), 
mechanical ventilation with oxygen dispensation using a moisture chamber. Variance analysis was used. No changes in 
physiological, hemodynamic, or gasometric, and radiographic constants were observed. Plasma TNF-alpha levels increased 
in group I, reaching a maximum 24 hours after mechanical ventilation was initiated (ANOVA p = 0.77). This increase was 
correlated to changes in mechanical ventilation. Plasma IL-6 levels decreased at 12 hours and increased again towards the 
end of the study (ANOVA p>0.05). Both groups exhibited a decrease in lung compliance and functional residual capacity 
values, but this was more pronounced in group I. Pplat increased in group I (ANOVA p = 0.02). Inhalation of dry gas caused 
histological lesions in the entire respiratory tract, including pulmonary parenchyma, to a greater extent than humidified gas. 
Humidification of inspired gases can attenuate damage associated with mechanical ventilation. 
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Introduction 

Mechanical ventilation (MV) is used in patients with respiratory 
failure and during general anesthesia. Under natural ventilation 
conditions, inhaled air is conditioned during its passage through 
the airways. When it reaches the alveoli, the air is fully saturated 
with water and is at body temperature (37°C, 100% relative 
humidity). The humidity/ temperature requirements are not met 
when an artificial airway such as an endotracheal tube or 
tracheostomy cannula is used. Thus, an external humidifying 
device is usually added to the ventilator circuit. However, 
humidification is not general in developing countries. Patients 
subjected to MV lose the natural warming and humidifying 
functions for inhaled gases in the upper airway, which increases 
the risk of serious airway complications, including alterations in 
mucociliary transport, thickening of secretions, clogging of the 
airway with mucus, and ciliary dyskinesia. These complications 



can lead to hypothermia, hypoxemia, atelectasis, and inflamma- 
tion [1,2,3]. Additionally, inflammation can promote the release of 
inflammatory mediators, resulting in biotrauma. Inflammatory 
mediators act systemically and can cause damage to other organs 
[4,5]. Therefore, to maintain airway integrity, preserve mucocil- 
iary function, and improve gas exchange, inhaled gases should be 
humidified and warmed during MV with tracheal intubation 
[6,7,8]. 

It has been shown that MV is associated with the release of 
specific pro-inflammatory mediators, such as tumor necrosis factor 
alpha (TNF-ot) and interleukin 6 (IL-6) [9,10]. The goal of the 
present study was to quantify the plasma levels of TNF-ot and IL-6 
and to determine the radiological, hemodynamic, gasometric, and 
microscopic changes, as well as the modifications of lung 
mechanics in dogs subjected to short-term MV with and without 
humidification of the inhaled gas. It is known that the cellular 
lesion induced by dry gases may cause inflammation; it is also 
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important, then, to determine how short-term dry air-administra- 
tion has an effect not only at the cellular level, but on respiratory 
physiology in dogs. 

Materials and Methods 

Experimental animals 

This experimental study was made in the Department of 
Experimental Surgery, National Institute of Respiratory Diseases 
"Ismael Cosio Villegas" (INER). Ten healthy crossbred adult dogs 
of both sexes weighing between 18 and 20 kg were used. Prior to 
the experiment the animals were confined in individual cages 
(1.0 m wide x3.5 m long x2.7 m high) [11] with the same 
environmental conditions. The animals had water and food ad 
libitum. This protocol was reviewed and approved by the Bioethics 
Committee of the INER (protocol number: B29-10). All animals 
were treated in strict accordance with the Technical Specifications 
for the Care and Use of Laboratory Animals of the Mexican 
Official Standard NOM-062-ZOO-1999 [11] and the Guide for 
the Care and Use of Laboratory Animals of the United States of 
America [12]. The sample size was reduced in agreement with the 
principles of experimental techniques proposed by Balls [13] and 
Kilkenny et al. [14]. The dogs were euthanized according to the 
Mexican Official Standard NOM-062-ZOO-1999 [11]. 

Study groups 

Ten animals were divided into two study groups and subjected 
to assisted MV for 24 hours. 

GROUP I (n = 5): MV with dry oxygen dispensation. 

GROUP II (n = 5): MV with oxygen dispensation using a 
humidification chamber. 

Experimental model 

Anesthesia was induced with 6 mg/kg IV of propofol (Diprivan, 
Milan, Italy). The dogs were placed on a surgery table in 
dorsoventral position and were intubated with an endotracheal 
tube (Baxter, California, USA) connected to an Engstrom 
Carestation ventilator (General Electric, Madison, WI, USA). 
The device was set to ventilator mode, in which it delivers 
pressure-controlled ventilation with volume guarantee. To main- 
tain the animals under anesthesia for 24 hours, an isofluorane 
Isotec 3 Ohmeda vaporizer (PISA Laboratories, Jalisco, Mexico) 
was used. Vital signs were monitored by electrocardiography 
(Datascope Passport, Paramus, NJ, USA). For the animals in 
group II, a MR850 humidity chamber (Fisher and Paykel, 
Auckland, New Zealand) with automatic compensation set to 
37°C and with heater wire breathing circuit RT204 (Fisher and 
Paykel, Auckland, New Zealand) was used. Inspired gas, ambient 
air, and output ventilator temperatures were kept constant at 22°C 
[15]. A Fi0 2 between 0.25 and 0.30 was used. Positive end- 
expiratory pressure (PEEP) was maintained at 4 cm H z O. A tidal 
volume of 10 ml/kg was used. 

Assessment 

The study was conducted for 24 hours. The following 
hemodynamic and gasometric parameters were assessed: cardiac 
frequency, cardiac output (determined using the thermodilution 
method [Hemodynamic Profile Computer Spectramed model SP- 
1445, Oxnard, USA]), mean arterial pressure, mean pulmonary 
artery pressure, pulmonary artery occlusion pressure, pulmonary 
vascular resistance, systemic vascular resistance, and shunt (Qs/ 
Qt). Arterial (Pa0 2 ) and venous (Pv0 2 ) oxygen pressure, arterial 
(PaC0 2 ) and venous (PvC0 2 ) carbon dioxide pressure, and pH 



were measured with an ABL 800 Flex Analyzer (Radiometer, 
Bronshoj, Denmark). 

Radiography 

Radiographic images of the animals in ventrodorsal position 
were taken prior to beginning mechanical ventilator assistance and 
at the end of the study. 

TNF-a and IL-6 quantification 

Plasma cytokine levels were analyzed in triplicate using an 
enzyme-linked immunosorbent assay (ELISA), at t = 0, 12, and 
24 hours. Canine TNF-oc and IL-6 were detected with the Uscn 
Life Science Inc. E90133Ca and EIAab Science Co. detection kits, 
respectively. The sensitivity for TNF-oc was 5.3 pg/mL, and the 
sensitivity for IL-6 was 15.6 pg/mL. 

Ventilation mechanics 

Compliance (Cstat), airway resistance (Raw), plateau pressure 
(Pplat), peak inspiratory pressure (PIP), and mean airway pressure 
(Paw) were measured every two hours. Functional residual 
capacity (FRC) was determined at the beginning of the study 
and at 12 and 24 hours. The FRC was calculated based on the 
nitrogen elimination method by changing the flow of the oxygen/ 
air concentration administered to the animals through the 
ventilator. The FRC value was calculated using a D-lite sensor 
and an airway module with energy output capacities (E-COVX, 
E-CAiOVX, M-COVX, M-CAiOVX). Briefly, an FRC proce- 
dure requires two measurements. At the beginning, the system 
records the N 2 baseline concentration and changes the 0 2 
adjustment to the 0 2 FRC adjustment. After a few breaths are 
taken, curve tracing begins. One measurement requires approx- 
imately 20 breaths. After the first measurement, the N 2 and 0 2 
concentrations are recorded, and the 0 2 is adjusted to the original 
value. The second FRC value appears when the second 
measurement is finished. 

Microscopic assessment 

Tracheal, bronchial, main carina and pulmonary tissue samples 
were obtained and stained with hematoxylin and eosin (H&E). 
The sections were analyzed by light microscopy to determine the 
presence of the following: edema formation; hemorrhage; neutro- 
phil, lymphocyte, and macrophage infiltration; and necrosis. The 
results were classified into four grades: grade 0 = normal histology, 
grade 1 = mild lesion, grade 2 = moderate lesion, and grade 3 = 
severe lesion [16]. 

Statistical analysis 

The data are expressed as the mean ± standard deviation. 
Variance analysis was used to determine the significance level. The 
Pearson correlation was used to analyze the association between 
cytokine levels and changes in ventilatory mechanics. Statistical 
analysis was conducted using the statistical software SPSS version 
18.0 (SPSS, Chicago, IL, USA). A p-value (p) <0.05 was 
considered statistically significant. 

Results 

No changes in physiological, hemodynamic, radiographic, or 
gasometric constants were observed (Table 1). These parameters 
were maintained within reference values throughout the duration 
of the study (p = NS ANOVA). 
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Table 1. Average arterial gasometric parameters. 



Group Basal Final ANOVA 

pH I 7.34 7.28 0.601 

II 7.37 7.33 

PC0 2 (mmHg) I 29.02 22.88 0.365 

II 24.86 26.20 

P0 2 (mmHg) I 138 193 0.738 

II 131 210 

Fi0 2 I 0.25 0.30 0.942 

II 0.28 0.30 



doi:1 0.1 371 /journal.pone.01 01 952.t001 

Plasma levels of TNF-oc and IL-6 

Plasma TNF-a levels increased in group I, reaching a maximum 
24 hours after MV was initiated. There were no significant 
changes between groups (p = 0.77 ANOVA). However, this 
increase was significantly correlated to changes in TNF-a /Cstat 
(r = 0.999* p = 0.026); TNF-oc /Pplat (r = 0.998* p = 0.03) and 
TNF-a /FRC (r = - 1** p = 0.009) (Figure 1 and Table 2). Plasma 
IL-6 levels decreased at 1 2 hours and increased again towards the 
end of the study. There were no significant changes between 
groups (ANOVA p>0.05). IL-6 levels were only correlated to IL- 
6/Paw (r = 1* p = 0.001); IL-6/Raw (r = 0.999* p = 0.032) and IL- 
6/Cstat (r = 0.998* p = 0.035). There was no correlation between 
the levels of TNF-a and IL-6 in animals inhaling dry or humidified 
gases (Figure 1 and Table 2). 

Ventilatory mechanics findings 

Cstat decreased in both groups starting two hours after MV was 
initiated, and the decrease was maintained until the end of the 
study (p = 0.90, ANOVA) (Figure 2.A and Table 2). 

Raw values in both groups showed an increase compared to 
baseline values two hours after ventilation was initiated. In group 
I, this increase was maintained until the end of the study. In 
contrast, in group II, Raw values decreased at 10-18 hours, after 
which they increased again. However, these changes were not 
statistically significant either within or between the groups 
(p = 0.87 ANOVA) (Figure 2.B and Table 2). 

Pplat increased in both groups two hours after ventilation was 
initiated (p = 0.02 ANOVA). In group I, Pplat increased starting at 
two hours post-MV, decreased at hour eight, and rose again until 
the end of the study, reaching its maximum at hour 20 (Figure 2.C 
and Table 2). 

Paw behaved similarly in the two groups; it decreased two hours 
post-MV, returning to reference values throughout the rest of the 
study. No significant differences were found between groups 
(p = 0.90 ANOVA) (Figure 2.D and Table 2). 

PIP increased in both groups beginning at two hours post- 
ventilation. However, this increase was not statistically significant 
(p = 0.67 ANOVA) (Figure 2.E and Table 2). 

FRC decreased in both groups at 12 and 24 hours post- 
ventilation (p = 0.46 ANOVA), with a more pronounced decrease 
in group I (Figure 3 and Table 2). 

Microscopy 

In the tracheal tissue, the following changes were observed in 
group I: four animals (80%) showed grade 1 neutrophil infiltration, 
two animals (40%) showed grade 1 lymphocyte infiltration, one 
animal (20%) showed grade 2 and one animal (20%) showed grade 



1 hemorrhage of the tracheal wall, and one animal (20%) showed 
grade 1 epithelial necrosis. 

In the main carina epithelium, the following changes were 
observed for group I: 20% of the animals showed grade 3 and 20% 
showed grade 1 neutrophil infiltration, and 20% of the animals 
showed epithelial necrosis (Figures 4A and 4B). 

In the bronchial tissue, the following changes were observed for 
group I: one animal (20%) developed grade 2 and another animal 
(20%) developed grade 1 neutrophil infiltration. 

In the pulmonary tissue, the following changes were observed 
for group I: 20% of the animals developed grade 1 alveolar edema, 
80% developed grade 1 and 20% developed grade 2 hemorrhage, 
and 20% showed grade 1 neutrophil and macrophage infiltration 
(Figures 4C and 4D). 

The only changes observed for group II were the following: 
20% of the animals showed grade 1 neutrophil infiltration in the 
tracheal wall, and 20% showed grade 1 alveolar hemorrhage in 
the pulmonary tissue. 

Discussion 

When gases are delivered through an endotracheal tube, there is 
a dehydrating effect on the inhaled air and an increase in airway 
mucus viscosity, increasing the risk of serious airway complica- 
tions. Despite knowledge of this effect, few studies have evaluated 
the impact of MV on airway inflammation. In the present study, 
the effect of humidification of gases supplied by MV on plasma 
levels of TNF-a and IL-6 was assessed in dogs. The relationship 
between humidification and radiological, hemodynamic, gasomet- 
ric, and microscopic changes of pulmonary mechanics was also 
investigated. This was achieved by measuring and comparing 
these parameters in dogs subjected to short-term MV with and 
without humidification. 

TNF-a and IL-6 are chemoattractant molecules that cause 
neutrophil infiltration and exacerbate the inflammatory response. 
In the present study, TNF-a levels increased in animals subjected 
to MV without humidification. This can be compared to the 
findings of Pillow et al. [17], who found an increase in pro- 
inflammatory cytokine mRNA expression in lung tissue 3 hours 
after hyperoxic ventilation with cold and dry air without affecting 
ventilation mechanics. Tremblay et al. [9] reported an increase in 
TNF-a, IL-ip, IL-6, MIP-2, and IL-10 cytokine levels in the 
bronchoalveolar lavage obtained from isolated, non-perfused rat 
lungs ventilated for 2 hours. Von Bethmann et al. [18] also 
detected TNF-a and IL-6 in the perfusion liquid from isolated rat 
lungs that were ventilated with high volumes. These results suggest 
that TNF-a and IL-6 play important roles in the initiation and/ or 
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Figure 1. Correlation of interleukines with different ventilatory mechanics parameters. The correlation graphs and Pearson rank 
correlation coefficients (r values) are shown along with statistical significance of the correlation. 
doi:1 0.1 371 /journal.pone.01 01 952.g001 



dissemination of systemic inflammatory responses after MV. Our 
data suggest that non-humidified MV can induce limited 
inflammation in previously healthy airways. Similarly, the increase 
in plasma levels of TNF-ot and IL-6 shows a statistically significant 
correlation with changes in Pplat, FRC, and Cstat. 

The decrease in Cstat in group I probably occurred because the 
gas was not able to pass through the upper airway. This caused 
loss of humidity in the upper respiratory tract and, consequently, 
its dehydration. When dry gas reaches the gas exchange zone, the 
production of surfactant is affected. This, in turn, decreases the 



alveolar surface tension and generates atelectasis zones, dry 
secretions, and airway obstruction. Together, these effects alter 
the pulmonary resistance and, consequently, the Cstat. Greenspan 
et al. [19] showed that five minutes of breathing dry and cold 
ambient gas caused a decrease in pulmonary Cstat in ventilated 
infants. The decrease in Cstat values observed in the group I 
animals is consistent with results reported by Rashad et al. [20], 
Fonkalsrud et al. [21], and Marfatia et al. [22], who studied the 
effect of MV with and without gas humidification in rabbits and 
dogs. They found that Cstat decreases when dry gas is 



Table 2. Mechanical ventilation parameters and interleukin plasma levels. 







Dry gases 




Humidified gases 




Basal 


24 hours 


Basal 


24 hours 


Cstat (ml/cmH 2 0) 


36.4 (20-48) 


28.4 (22-37) 


33.7 (28-40) 


31.0 (27-35) 


Pplat (cmH^j 


15.0 (11-24) 


19.8 (15-19.8) 


18.0 (17-19) 


22.0 (18-29) 


Raw (cmH 2 0} 


14.0 (11-17) 


14.0 (6-25) 


12.2 (3-16) 


16.3 (15-17) 


Paw (cmH^) 


8.0 (5-15) 


9.2 (5-17) 


7.7 (7-9) 


9.0 (8-1 2) 


PIP tcmHJ) 


15.6 (1-24) 


17.6 (12-21) 


15.7 (14-18) 


20.3 (19-22) 


FRC (L/min) 


1466.0 (910-2374) 


735.0 (205-1185) 


1193.5 (515-2694) 


881.8 (359-1829) 


TNF-ct tpg/ml) 


356.9 (24-1301) 


391.9 (55-1283) 


437.5 (36-1148.50) 


314.9(36-992) 


IL-6 tpg/ml) 


35.9 (0-72) 


28.2 (0-56) 


40.4 (8-132) 


47.9 (0-107) 



(Averages ± standard deviation.) 
doi:1 0.1 371 /journal.pone.01 01 952.t002 
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Figure 2. Averages ± standard deviations of the pulmonary mechanics during the time of study (24 hours) for both study groups. 

Compliance (Cstat), airway resistance (Raw), plateau pressure (Pplat), peak inspiratory pressure (PIP), mean airway pressure (Paw) (*p<0.05 ANOVA). 
doi:1 0.1 371 /journal.pone.01 01 952.g002 
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Figure 3. Averages ± standard deviations of the functional residual capacity (FRC) during the time of study (24 hours) for both 
study groups. 

doi:1 0.1 371 /journal.pone.01 01 952.g003 



administered. Our results are also in agreement with those of 
Sottiaux [23], who showed that changes in Cstat, Raw, and FRC 
could occur due to dry gas as well as to over-humidified gas. 

There are several peculiarities in the way dogs disseminate heat 
compared to humans. Dogs essentially do not have sweat glands; 
instead, they sweat and disseminate heat primarily through the 
respiratory system through evaporation during panting. When a 
dog is subjected to general anesthesia and invasive MV, its panting 
capacity is lost. This limits the evaporation of humidity, causing an 
increase in the relative humidity of the upper airway. We can 
thereby speculate, although the humidification levels were not 
measured, that the decreased Cstat in group II animals in this 
study may have originated because of such an increase in airway 



humidity; the excess humidity in the pulmonary parenchyma 
occupies space, leading to surfactant dilution and a decrease in 
surface tension, factors that can induce alveolar collapse. 
Additionally, Froese and Bryan [24] showed that the effects of 
anesthetic gas administration and dorsoventral position can cause 
changes in pulmonary Cstat due to displacement of the 
diaphragm. 

The increase in Raw values in group I animals was most likely 
caused by the lack of humidity, which may have resulted in 
dehydration of the respiratory tract (and a decrease in Cstat), 
decreased mucus production, increased mucus viscosity, and 
mucus clogging, all of which can cause changes in airflow and 
atelectasis. The increased Raw values observed in the present 



□ 


* *. * » • 


M 





Figure 4. Micrograph of lung tissue stained with hematoxylin and eosin. A) and B) grade 2 inflammatory infiltration and grade 1 
hemorrhage (10x and 40x magnification, respectively). C) and D) respiratory epithelium (main carina) that shows epithelial necrosis, with 
chromatolysis and hypereosinophilia of the cytoplasm (10x and 40x magnification, respectively). 
doi:1 0.1 371 /journal.pone.01 01 952.g004 
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study are consistent with the results described by Cohen et al. [25], 
who indicated that application of dry and cold gases can cause 
lesions in the respiratory tract. The appearance of lesions affects 
the mobility of the tracheobronchial epithelium and its secretions, 
and causes airway obstruction. Tabka et al. [26] showed that 
healthy children exposed to cold temperatures and dry environ- 
ments suffer exercise-induced bronchoconstriction and that Raw 
values are increased under these conditions. In a clinical study, 
Doyle et al. [27] compared the effects of a heat and humidity 
exchanger and showed that both generated inappropriate airway 
humidification, which in turn caused a high incidence of tracheal 
tube occlusion. Additionally, cold air induces a bronchoconstric- 
tion response, which is associated with muscarinic receptors in the 
nasal mucosa [28] . The increase in Raw values in group II could 
have been related to an increase in mucus viscosity due to over- 
humidification. This could have affected ciliary function, causing 
airway obstruction and, consequently, an increase in resistance 
[29]. 

The Pplat corresponds to the pressure at which alveolar 
pressure, which is required to maintain the elastic recoil of the 
respiratory system [30], can be indirectly assessed. Given that 
Pplat represents the equilibrium pressure after a pause in 
inhalation of at least 5 seconds, it is not modified by secretions, 
bronchospasm, or alterations in Raw values. However, Pplat does 
change in response to changes in pulmonary or thoracic Cstat and 
FRC. Our results are consistent with this; the decrease in Cstat in 
group I coincided with an increase in Pplat throughout the MV 
period. This increase was smaller for group II, in which the 
animals were ventilated with humidified gas. 

Paw can be altered by increasing the flow volume and the 
PEEP. However, these parameters were not affected in the present 
study. Although variations were observed throughout the duration 
of the experiment, the values were maintained within the reference 
ranges [31]. 

PIP measurement has been standardized to avoid pneumotho- 
rax, pneumomediastinum, interstitial emphysema, pneumoperi- 
cardium, and barotrauma. However, few studies mention its 
importance or describe methods for preventing its increase under 
normal conditions. Roze et al. [32] showed that a decrease in PIP 
observed in the circuit is not necessarily associated with a decrease 
in airway diameter. Group I, which received dry gas, presented 
PIP variations. However, these were maintained within reference 
values, while the group II, which received humidified gas, showed 
a modest increase in PIP without modifications in lung mechanics. 

The FRC is used as an indicator of the recruiting and de- 
recruiting states. To our knowledge, this is the first experimental 
study to use the Engstrom Carestation ventilator coupled to a 
humidity chamber to conduct FRC measurements in animals. 
This method for measuring FRC was validated by Olegard et al. 
[33], who showed that highly precise measurements could be 
obtained by using the nitrogen elimination method and changing 
the flow of oxygen/ air, and by Dellamonica et al. [34], who found 
acceptable accuracy and precision for lung-volume measurement 
at different PEEP levels in patients with ARDS. Our results show 
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that the use of dry gases during short-term MV causes a decrease 
in FRC values, in agreement with the findings of Sottiaux [23]. 
The latter author showed that FRC values change due to the use 
of dry and over-humidified gas. Over-humidification could explain 
the moderate decrease in FRC observed in the group II animals. 
The decrease in FRC, which was more evident in the group that 
received ventilation with dry gases, possibly suggests that 
pulmonary collapse occurs in both groups, but that it occurs 
earlier and more prominently in animals that do not receive 
humidified gas. 

Damage to the tracheobronchial epithelium has been described 
in studies that compared the effects of dry gas and humidified gas 
using various experimental models. It has been observed that lack 
of humidification causes changes in the respiratory epithelium. 
After ventilating rabbits with dry gases, Marfatia et al. [22] found 
destruction of cilia and mucus glands, disruption and thinning of 
the basal membrane, and ulceration of the epithelium, all 
primarily within the upper airway. However, alterations in the 
pulmonary parenchyma were not studied. Using cultured epithe- 
lial cells exposed for four or eight hours to a dry environment, 
Chidekel et al. [35] found abnormal morphology, prominent 
nuclei, intracellular and nuclear vacuoles, diffuse cytoplasm, and 
cellular debris, while cells exposed to a humidity chamber did not 
show any obvious changes. The results of the current study suggest 
that inhalation of dry gas causes histological lesions in the entire 
respiratory tract, including pulmonary parenchyma, to a greater 
extent than humidified gas. 

Conclusions 

In dogs under experimental conditions, after 24 hours of MV 
with dry gases, there is a non-significant increase in plasma levels 
of TNF-a and IL-6 for both groups. However, significant changes 
in Pplat were found in group I, and the decrease in FRC was more 
pronounced during MV with dry gases. Histological damage to 
respiratory epithelium by short-term MV was less marked in dogs 
that received humidified gases. The present study highlights the 
relevance of humidification in decreasing the severity of damage 
associated with MV. Our study shows that the cellular lesion 
induced by dry gases causes minimal inflammation, which in turn 
affects the respiratory mechanics. 
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